SSME . ..£ACIL

REDUNDANCY SCREEN
Componen| Group: Pneumatic Controls Preparad: P. Lawrimare
CIL {tam: 20012 Approved; T. Nguyen
Component: Freumatlc Conlrol Assembly Approval Date: 629
Part Humber: ROD{2450 Change # 1
Fallure K ode: Purge setuance valve falle 1o supply hellum praseurant, Directive ¥ CCHOD MEA-01.5212
Fega: 1al 1
Criticalily
Phaz: Falture ¢ Efiect DEscription Harard Referenca
L Fahara te suppty HPW control prasao-ant pravanls backdoar acluation of HPY for Pogs shutdown charge  Liees of Pogo shutdewn charga 1R
41 during MECC, at zero G condilion and minlmum W PSP wil resultin cavilalionoverspeed of HPOTE andfar LEQTE Failie {0 supphy WE-C1G

preburner shutdown purge rasults in @ tempesalurs spike during the cula# transkent causing intermal engine damaqe, Laoss of vehige.
Redundancy Sereens. HY DRAULIC SYSTEM - PREUATIC SYSTEM: UNLIKE RE DUNDRANCY

A: Pass - Redundant hardware itemns are capable al chegkanl during naimal ground turnarounsd,
B: Fail - Loz3 of a racdundant hemiwara iters k& not delectable during fighl,
C Pazs - Lass of recdundent hardware ibems could nol resull fram s 3ingle cradibke event
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SSME FMEA/CIL

DESIGN
Compone it Group: Pramalic Cantrods Prepared: F.Lowrmore
CIL kem: L2012 Apprioved: T. Mouyen
Companent: Prgumatic Gonlrol Ass embly Approval Date:  gfzrag
Fart Number: ROD13450 Change 9: 1
Fatlura Moda: Purgs sequonce valve falla to Eupply hallum pressyeant. D renctiven &: CCBD ME3-(1.524 1
Paga: 1af1

Deslgnf Document Rafarance

FAILURE CAUSE: A: Purge sequznca PAY Fallurs: Broken spring.
THE VALVE SPRIMG (1] 15 MANUFAC TURED FROM ELGILGY WIRE., STRENGTH AND ELASTIC LIMIT, TOGETHER 'WiTH ELASTIC MORULUS, 4RE THE PRIMARY REASDNS FOR USING

ELGILCY. THE MATERIAL IS CORROSION RESISTANT AWD EXHEITS RESISTANGE TO STRESS CORROSION CRACKING (2] FOR THIS APPLICATIDN, THE SPRING 12 STRAIN RCLIEVED
AN INCORFORATES CLASED AND DEBUHRED ENDS R ECUCIMG STRESS CONCENTRATIONS THAT AT CAUSE BREAKAGE.

(1) RO 824, (21 MSFG-SPEC-527, RES-A5A7.5

FAILURE CAUSE:  B: Purge cequmnes PAV fallure: Pushrod |ammed,
C: Purge sequence PAY Tallure: Piston Jammed,
I Furge sequenca PAY Taflure: Flaw pasgage hiogked,
E: Purpa sogquence PAY Iailra: Dam a08d guide (¢ontamination fanmed between pulidea, piston, and hody),
F: Purge tequence PAY {allure: Vent port Poppattsaat leakage doe b Canlaminalion.

DOFTAIL PARTS AND TEST FIXTURES ARE CLEANED (] PRIOR 7O ASSEMBLY (7). ASSEMBLY AND TEST ARE PERFORMED IN # CLEAN RO O (3. LUBRICAMTS ARE NOT ALLOWED

THESE DESIGH FEATIIRES FREVENT GENERATION OF METALLIC PARTIGLES WHIGH COULD 1AM THE SOLEHOID ARSEMGLY ARMATLURE, PUSHRDD. OR STEM ASSEMBLY, AMD THE
PAY MIETOH QR SHAFT. THE PISTON-PORPET LD RATICQ PREVEMTS COCKMG. THE PAY PISTOM ASSEMBLY ANG SHA4FT ARE NELD IN ALIGMMENT AT EACH END (5, IN 1HE EVEMT
THAT METALLIC PARTICLES FROM AMOTHER S0URCE GET TG THESE AREAS, TIHE PARTICLES BECOME MBEDDED |N THE TEFLOM SLEEVE. THIS PREVENTS GALLIHG AHD

AR NG

(1) RLIOCOH (2] RLSOZVA, RLIDIIZ 1Y RODTA1-830; 4y RODISASE; (8} ROGOT2S: &) ROODI4M

FAILURE CAUSE: G Furge sequance PAY [aiburs: Ve pert poppel'sent kahage dus to; Damaged/detarive sealing safaen.

THNGSTLN CARBIDE 1S USED TO MAMUFACTURE THE PURGE SEQUENGE PAV POPPET I1 ). TUNGSTEN CARBIDE WAS SELECTED FOR ITS RESISTANGE TG WEAR AND TS
VIRTUALLY POROSITY-FREE STRUGTURE. THE MATERIAL 1S CORRDSION RESISTANT AND, WHERE USED, IS NOT SUBJECT TO STRESS CORROEION BRACKING [2). THE SEAT (3115
MANUPACTURED FROM 4400 CRES BAR. HARDNESS AND WEAR RESISTANGE ARE THF PRIMARY REASONS FOR USING 4400 CRES, THE MATERIAL ALSO EXHIBITS CORROEICH
RESISTANCE {2).

(1) ROCM9400 {3} MSFC-SPEC-532, RSS-0502.6 (3 RCD19440

FAILURE GAUSE: ALL CAUSES

HIGH CYCIF AND LOW C¥CLE FATIGUE LIFE, AS WELL A% THE MINKAUM FAGTORS OF SAFETY FOR THE PRA (1), MEET CE) REQUIBEMENT S 2y THE PCA WAS CLEARED FOR
FRACTURE MEGHAMICSMIOE FLAVS GROWTH, SINCE IT CONTAINS MO FRACTURE CRITICAL PARTS {3) THE PNEIMIATIC CONTROL ASSEMDLY HAS COMPLETED CESIGN
VERIFICATION TESTING 4|, INCLUDING PRESSURE TESTING (5), FRESSI/RE CYCLIMG 18], AND VIBRATICN TEZTING (7r. THE PURGE SEQUENCE PAY DESIGH FEATURES AND

MATERIALS WERE FURTHFR VERIFIED BY TEARDCWN OF THE FCA FROM ENGINE 3107 AFTER 58 STARTS AND OVER 12,000 SECONDS (8]. DISASSEMELY SHOWED NG
DEGRADATION ORWEAR OF THE DETAIL PARTS,

(O ROMBGS0; {21 RLOOS3Z, CPIZ0RO00A, RES-A545: 13] NASA TASK 117, (4 DVE-ZIWE-510; () RS%-210-48 5} RES.5I0-51; (7)) RSS-B10-5D; (B) SSME-B3-0230



SSMEFM CIL
INSPECTION AND TEST

Component Grodp: Preumatlie Cortrals

Praparad: P. Lowrmare

EIL item: GInD-12 Ap proved: T. Npuyen

Coamipo hent: Preurabic Contral dnsenyhily Appraval Date: EF 2109

Part Number: RO 945 Change ¢: 1

Failure Moda; Purye sequence valve (alls to supply helfum prassurant. Diroctiva &: ECBEO MES-IY-5213
Faga: Yot 1

Falline Ceuses Significart Charazter stics Inspeclon(s) F Tesifa) Cocument Ee‘erence

) , SPRING

RN 8404
MATERIAL INTEGRITY MATERIAL INTEGRITY |8 VERIFIED PER DRAWING REGUIREMENTS.
AFTER MACHINING, SPRING CHARACTERISTICS ARE INSPECTED PER DRAYVING AND RO010404
SPECIFICATION REQINREMENTS. RADNDZ.012
LOAD RANGE DF THE DEPRESSED SPRING |5 TESTED PER DRSWING REQUIREMENTS. RO018404
BC.DET PHEUMATIC CONTROL RO 1 0450
ASSEMBLY ROD10725
PNEUMATIC CONTROL B0 S461
SOLERQI RE5109)
PURGE SECUENGE RES1107
EREZSURE ACTIVATED
YALVE ASSEMBLY
EILTER
FILTER:
0
1
i Y
tn
CLEAMLINESS OF THE PRELIMATIC CONTROL ASSEMBLY, THE PRESSURE ACTUATED VALVES, ANG THE SOLENGID  RLICE
COMPOMENTS VALYES ARE CLEAN TO QX YGEN'UEL, SERVICE PER SPECIFICATION AND DRAMNG RO010450
RECUIREMENTS. ROO10725
ROA15401
DURING MANUFACTURE AND ACCEPTANCE TEST OF THE SOLENDID YALYE, THE FILTER RLD0Z7E

INSTALLATION, VALVE CLEANING, AMD CLEAN FLUSH PARTHSAL COUNT IS INSPECTED PER
SPECIFICATION,



Conypcpaent Gron; Praeumrate Cantrals Prepared: P, Lowrimnare

G tem: Cipn-t2 Apprmoved: T. Hgupen

Gumpanent: Prieumatic Control desambly Approval Date:  Graog

Farl Number: RO0H1945D Change & 1

Faliure Mode: Furge zequenee valve fails to supply ballum pressurant Directiva & CCRO ME2-M-5212

Page: 2of 1

' Failure Cauces Sigrifheant Charactenstizs Inspeclivnfs) f Tesi(s) Cocurnant Relare ree

8,8 D0EF CLEANLINESS QF DURING ASSEMBLY OF TIIE FRE3SURE ACTUIATED va LVE. THE ACTUATION AND BEACTUATION RLOOE12
COMPOYENTS CFERATION AND SFALING ARE VERIFIED, OPERATION OF THE VALYE VERIFIES MO

CONTAMINATION BLOGKAGE IN MOVING PARTS.

FILTER INTEGRITY FILTERS ARE INSPECTED TOMEET FLOW AND FILTRATION REGUIREMENTS PER SPECIFICATION  RCtomp
RG1107
5 SEAT REMMB41G
PAY PORFET ROS13408
MATERIAL INTEGRITY MATERIAL INTECRITY IS VERIFIED PER OR&WING REQUIREMENTS
MEAT TREAT OF PAY SEAT IS VFRIFIED PER DRAWING AND SPECIFICATION REQUIREMENTS, RUC1 2410
a RAT111-COZ
' SEALING SURFACES | SEALING SURFATES ARE INSPECTFR PER ORAYING RECUIRENMENTS, ROD3%41D
B RO019400
DURING ASSEIMBLY AND ACGEFTANCE TEST, THE VALVE ACTUATION AND DEACT BATION RLOOA13
DPERATION AMD SEALING FUNCTIONS ARE VERIFIED.
CALL GAUSES FNEUMATIE CONTROL ROJ19450
ASSEMBLY
ASSEMBLY INTEGRITY THE FCLLOVYING TESTS ARE PERFORMED DURNG ASSEMBLY AND FUNGTIDNAL TESTING QF THE
FHEUMATIC CONTROL ASSEMBLY:
- SEAT LEAKAGE IS YERIFIED TO BE WITHIN SPECIFICATION FOR, BGTH ENERIZED AND GE. RLOT44
ENERGIZEL DPERATION,
- ASSEMBLY OPERATION IS VERIFIED BY TESTING EACH FUNCTION OF THE PNELMATIC CONTROL  RLOMI44
ASSEMBLY.
- FILTER DPERATION 1§ YERIFIED BEFORE AND AFTER INSTALLATION, RLOD244
HOT-FIHE ACCEFTANCE PREUMATI: CONTROA ASSEMBLY CPERATION IS VERIFIED THRGUGH HOT-FIRE ACCEPTANCE RLOD4G:
TESTING (GREEN RUN TESTING.

PRE-FLIGHT CHECKOUT EUMERGENCY PNEUMATIC SHUTDOWN OPERATION 15 YERIFIED DURING SSME ELECTRICAL
CHECKOUT FRIOR To) FUGHT OR AFTER ANY REPLACEMENT OF RELATED COMPONENTS BY
PERFORMING THE FOLLCWYING OMRSD REQUIREMENTS:



Campona g Freumalle Conlrole Prepared: P._ Lowrlr

CIL Ham; cCIof-12 Approved: T. Hguyer,

Compenant: Praumalle Confrof Ansemibly Approual Dale: B/ 2488

Part Wurmber: R00134540 Ghange 4: 1

Failura PMode: Purge sequence valve lails la supgly hedlm presaurant, Diracllve & CCHD ME3-tH-5211
Pager: 3ot l

Eailure Causes Significant Chaasterisilus Inampechonis) ) Testm) Cocumest Referenms
AL CaLSES PRE-FL KZHT CHECKOUT - FLIGHT BEADINESS TEST IHCLUHNG PNEUMATIC SILTDCWN,

Fafure Hislary:

Operalional Lsa:

i¥-3

- FLIGHT READINE S5 TESTS AND YalVE CYCLE VERIFICATION. (LAST TEST:

L.omorenensive {ali- festary data is maintained Inthe Problam Repording dofabase (PRAMS/FRACH
Reference: WASA [eftar 542188303 and Rochaldwa lelter B3RCHTE]
Mot Applicalde,

OMRSD WHARNDIA
ChARED SQ0FAC 211



